Indeed, analytical procedures for amines have been reported based on the inhibition of the chemiluminescence observed when hypochlorite oxidizes luminol (10) . Other studies have shown that although primary and secondary amines inhibit oxidative chemiluminescence, tertiary amines actually increase the chemiluminescence, presumably via catalytic formation of the N-chlorotrialkylammonium ions that act as reactive oxidants (11, 12) . We have investigated whether primary and secondary amines can inhibit the chemiluminescence due to hypochlorite under the conditions typical of forensic luminol sprays, and whether the presence of amines has an effect on the heme-catalyzed luminescence of luminol.
The choice of amines was guided by studies by Margerum (8, 9 ) and Antelo (13, 14) , who showed that the reaction rate between hypochlorite and amines is pH dependent and depends on the basicity of the amine. The observed pH dependence, Fig. 1 , occurs because the reaction involves specifically the amine (RRЈNH) reacting with hypochlorous acid (HOCl) in the reaction, as shown in Eq 1, whereas the protonated amine (RRЈNH ϩ 2 ) and the deprotonated hypochlorite (OCl Ϫ ) are much less reactive (9) . The reactivity of many with hypochlorous acid amines can be fitted by a curve given by Eq 3 (13),
where pK a (RRЈNH 2 (nϩ1)ϩ ) is the negative logarithm of the acid dissociation constant of the conjugate acid of the amine. The only amine that was reported to deviate significantly from this relationship was ammonia, which had a rate nine times lower than would be predicted by this equation (9) .
If the behavior of this reaction rate is examined as a function of total hypochlorite and total amine species Eq 2 can be rewritten Fig. 1 , shows the variation in the rate of this reaction with pH and with the basicity of a given amine. It is seen that amines with low pK a s (e.g., tris, pK a (trisH ϩ ) ϭ 8.1) have a high observed rate constant at their pH optimum, but this rate decreases rapidly (10-fold per pH unit) at higher pH. In contrast, basic amines have a lower maximum observed rate constant but this value is maintained over a greater pH range. At any given pH Eq 4 predicts that the optimum amine will be that for which pK a ϭ pH Ϫ0.03 i.e., pK a Ϸ pH. Therefore strongly basic amines will be the most effective competitors for hypochlorite under the conditions of common forensic sprays (those reported by Grodsky and Weber both lead to pH Ͼ 10). Luminol itself can react with hypochlorous acid, (15, 16) and this is indicated in Fig. 1 . The observed rate constant for the direct reaction of luminol with HOCl is predicted to be comparatively low at high pH based on the above analysis. This may be incorrect, because luminol has a second deprotonation with pKa Ϸ 15 (17) , and the basic form may show higher reactivity towards HOCl. Indeed, one literature report shows that the predicted behavior in Fig. 1 is followed until pH Ͼ 11.5, where an increase in rate was observed (15) . Figure 1 also shows a rate constant-pH curve for hydrogen peroxide (pK a 11.65), based on literature data. It has the same shape as for amines, but the rate constant for the reaction of HO 2 Ϫ and HOCl is 4.4 ϫ 10 7 L mol/L s Ϫ1 , (18) i.e., seven-fold lower than for an amine of similar basicity.
Methods
Bovine blood obtained from a local abattoir was preserved with
0.2% w/v EDTA and stored at 4°C. Domestic strength sodium hypochlorite bleach was standardized by titration with standardized thiosulfate solution using starch-iodine indicator. Diethylamine, 1,2-diaminoethane (ethylenediamine), ethylamine, taurine, tris(hydroxymethyl)methylamine (TRIS), and triethylamine were used as received.
The luminol sprays tested were Grodsky: (a solution containing 1 g/L luminol and 50 g/L Na 2 CO 3 mixed with an equal volume of 7 g/L sodium perborate solution) and Weber: (25 mL of water containing 0.72 g/L luminol and 2 g/L NaOH was mixed with 25 mL 0.6% H 2 O 2 and 175 mL H 2 O). In both cases the mixing of solutions was performed as soon as possible before a measurement was to be made.
Visual observations were conducted in a darkened room after the investigator was dark-acclimatized for at least 5 min. Spraying of luminol solutions was performed using a calibrated spray-gun to ensure uniform delivery of reagent. Substrates were vinyl flooring tiles and unbleached cotton. The tiles were used as received, whereas the cotton was washed with clothes detergent, then rinsed in tap water and finally boiled in Milli-Q deionized water and then dried.
Supporting experiments examining the effect of amines on bleach-induced chemiluminescence were performed using an Ocean Optics S2000 fibre optic diode array spectrophotometer with the reagent feed being controlled by a peristaltic pump. Hypochlorite solution (1:20 dilution) adjusted to pH 12.1 was mixed with luminol-H 2 O 2 -perborate solution at pH 12.1 at a rate of 10 mL/min (each reagent stream) in a 2 mm diameter T-junction cell with two right-angle turns 1 cm after the initial junction to increase mixing. Light emission in the 2 cm of tubing immediately after the mixing point was monitored under constant flow conditions. The high flow rate was needed to avoid the build up of gas bubbles in the cell. Studies of the effect of amines on the blood-induced chemiluminescence used the same spectrophotometer equipped with a 1 cm cuvette holder.
Safety: All initial experiments involving spraying of luminol solutions were performed in chemical fumehoods. When the sprays were used outside fumehoods appropriate personal protection including goggles, respirator, and gloves were worn. If amines are added to the luminol solution these precautions are especially important, and the room should be thoroughly ventilated after the chemiluminescence has been observed.
Results and Discussion

Inhibition of Hypochlorite Bleach-Induced Chemiluminescence
Preliminary experiments showed that the observed chemiluminescence of luminol upon reaction with either blood or bleach was pH dependent, and that the addition of amines to solutions could change the pH. Therefore the pH was adjusted to pH 12.1 Ϯ 0.1 for the solution studies described in this paper.
The ability of amines to inhibit bleach-induced chemiluminescence from the Grodsky formulation of luminol solution was evaluated using a steady-state flow cell attached via fibre optics to a diode array spectrophotometer. The amines were added at levels of 0, 0.008, 0.02, 0.04, and 0.08 mol/L. The results, Table 1 , showed that the inhibition by amines increased with the basicity of the amines and was most marked for 1,2-diaminoethane, with 90% inhibition at 0.08 mol/L. Ammonia caused little or no inhibition, in accord with the reported slower rate of reaction of ammonia with hypochlorous acid (9) . Triethylamine caused increases in the observed chemiluminescence, in agreement with literature observa- tions on tertiary amines (11, 12) . The metal chelating agent EDTA, which is also a tertiary amine, had no effect on the chemiluminescence at all concentrations tried (0-0.08 mol/L).
FIG. 1-Plot showing predicted reactivity of luminol (___ ), hydrogen peroxide (---), TRIS (ࡗ), and 1,2-diaminoethane(•) with hypochlorite as a function of pH. Curves for the amines are based on equation 4 in the text
Similar results to these were obtained by visual examination of bleach spots sprayed with amine-containing luminol sprays. Depending on the concentration of the bleach used and the length of time it had been on the substrate, concentrations of 0.02 mol/L or 0.1 mol/L 1,2-diaminoethane in Grodsky's luminol spray were sufficient to reduce bleach-induced chemiluminescence to a negligible level. In addition, it was noted that if bleach spots were left for periods of greater than a day under conditions where they could dry that no significant chemiluminescence was observed when they were sprayed with standard forensic luminol-peroxide sprays (Grodsky or Weber formulations).
Effect of Amines on Heme-catalyzed Chemiluminescence
The effect of the amine 1,2-diaminoethane on the blood-catalyzed luminol chemiluminescence was evaluated both spectrophotometrically in solution and visually with bloodstains on substrates. In solution studies the addition of 0.1 mol/L 1,2-diaminoethane at pH 12.1 caused a slight decrease in chemiluminescence over the first 1 min, but was then identical to the chemiluminescence of the control, Fig. 2 . This experiment was performed with aged blood, so the initial rapid change may represent activity due to degraded hemoglobin.
Visual comparison of 1,2-diaminoethane effects were performed using vinyl and cotton substrates with 1 h, 3 h, and 1-day-old blood stains, and the appearance and duration of the chemiluminescence was noted. On a given day repeated measurements showed good repeatability, and comparisons between different conditions were always made within the same experimental run. It was observed that the strength and duration of chemiluminescence due to blood were decreased by a factor of 2-3 in the presence of high concentrations of 1,2-diaminoethane (0.1 mol/L), Table 2 , although the exact level of inhibition was also dependent on the solution pH. However, even though the 1,2-diaminoethane causes slight inhibition in the chemiluminescence due to blood the results obtained are still satisfactory for use at a crime scene. Furthermore, at a crime scene repeated spray applications can be used if the chemiluminescence duration is too short.
The addition of 1,2-diaminoethane to Weber's luminol formulation was not as successful at reducing the chemiluminescence due to bleach. Our results suggest that the presence of carbonate in the solution plays a significant role in the observed reactivity.
A simulation of a crime scene where bloodstains on carpet, vinyl, and cloth were washed with bleach at recommended dilutions showed that addition of 0.1 M 1,2-diaminoethane to Grodsky's luminol formulation reduced the bleach interference on all substrates and only slightly affected the blood chemiluminescence. This solution is now included in the ESR protocol for luminol use if there is evidence that bleach may have been used at a crime scene. Appropriate precautions, including the use of safety glasses and respirator masks, are taken when spraying either Grodsky's luminol solution or the solution including 1,2-diaminoethane. Alternatively, if the crime scene is such that it can be left to dry for a few days (e.g., a car interior) then this delay will reduce or remove the bleach interference.
Conclusion
The false positive response observed when luminol-peroxide solutions are sprayed onto an area that has been cleaned with hypochlorite-containing bleaches can be prevented by adding amines such as 1,2-diaminoethane to the luminol solution. The amines react rapidly with the hypochlorite ions, and the chlor- 
